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@:KHQWKH$&FRXSOLQJPHWKRGLVXVHGLQWKHSRZHUVXSSO\IUHTXHQF\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DQGKLJKIUHTXHQF\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WKLV
PHWKRG GRHV QRW UHTXLUH V\QFKURQL]DWLRQ EHWZHHQ WKH HQHUJ\ VRXUFHV 2Q WKH RWKHU KDQG LQ WKH FDVH RI '&
FRXSOLQJWKHPDLQLQFRQYHQLHQFHLVWKHFRPSDWLELOLW\RIWKHYROWDJH>@,QIDFWWKH39V\VWHPUHVSRQVHLVIDVWHU
WKDQ WKH ZLQG V\VWHP RQH 7KLV FDQ DIIHFW QHJDWLYHO\ WKH ZKROH K\EULG V\VWHP UHVSRQVH HVSHFLDOO\ LQ FDVH RI
YDULDEOHORDGVVZLWFKLQJ,QWKLVSDSHUDK\EULGHQHUJ\V\VWHPFRQVLVWLQJRIWZRVRXUFHVZLQGWXUELQHJHQHUDWRU
DQG SKRWRYROWDLF VRODU ZLWKRXW HQHUJ\ VWRUDJH LV PRGHOHG XVLQJ 0$7/$%6,08/,1. 0DQDJHPHQW RI WKH
REWDLQHGSRZHULVDFKLHYHGWKURXJKWZRDGDSWRUVZLWFKHVRI WKH'&EXV(DFKVXEV\VWHPVZLWFKLVFRQWUROOHGLQ
RUGHUWRVXSSO\HLWKHUDGXPSORDGRUWKHFRQVXPHUV¶ORDGVYLDDQLQYHUWHU7KHREMHFWLYHLVWRREWDLQDQDFFHSWDEOH
FRPSURPLVHV\VWHPUHVSRQVHDQGWRPDNHLWPRUHFRPSDWLEOH
'HVFULSWLRQVRIWKHK\EULGV\VWHPFRPSRQHQWV
+\EULG SRZHU V\VWHPV LQWHJUDWH YDULRXV UHQHZDEOH HQHUJ\ VRXUFHV VWRUDJH DQG FRQYHQWLRQDO VRXUFHV ,Q WKLV
SDSHU WKHSURSRVHGV\VWHPDVVKRZQLQ)LJ LVFRPSRVHGRISKRWRYROWDLFSDQHOVDQGDZLQGWXUELQHJHQHUDWRU
&RXSOLQJ RI WKH WZR VRXUFHV WR WKH '& EXV LV DFKLHYHG WKURXJK D '&'& FRQYHUWHU IRU WKH 39 V\VWHP DQG DQ
$&'&FRQYHUWHUIRUWKHZLQGV\VWHP$QLQYHUWHULVXVHGWRVXSSO\WKH$&ORDGV


)LJ6WXGLHG+\EULGHQHUJ\V\VWHP
2.1. Photovoltaic solar energy system 
7KH VRODU SKRWRYROWDLF SDQHO LV IRUPHG E\ D VHULHVSDUDOOHO FRPELQDWLRQ RI DSSURSULDWH VRODU FHOO LQ RUGHU WR
SURYLGH WKH YROWDJH DQG FXUUHQW QHFHVVDU\ XQGHU QRUPDO FRQGLWLRQV$ VRODU FHOO LV HVVHQWLDOO\ D 31 MXQFWLRQ RI
VHPLFRQGXFWRUV ZKLFK FRQYHUWV VRODU HQHUJ\ GLUHFWO\ LQWR HOHFWULFLW\ >@ 7KH HTXLYDOHQW HOHFWULFDO FLUFXLW IRU D
SKRWRYROWDLFJHQHUDWRULVUHSUHVHQWHGLQ)LJXUH,WVHOHFWULFDOFKDUDFWHULVWLFVXQGHUVRODUUDGLDWLRQDUHJLYHQE\WKH
FXUUHQW,SYDQGYROWDJH9SY>@
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ZKHUH
,/ WKHFXUUHQWSURGXFHGE\WKHVRODUPRGXOHV
, WKHUHYHUVHVDWXUDWLRQFXUUHQWRIWKHJULGVRODU
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97 WKHWKHUPDOYROWDJH
56 WKHSDUDVLWLFUHVLVWDQFHRIDVRODUSDQHOLQVHULHV
5S VRODUSDQHOVVKXQWSDUDVLWLFUHVLVWDQFH


)LJ3KRWRYROWDLFVRODUDUUD\
2.2. Wind turbine generator 
:LQGHQHUJ\V\VWHPVH[SORLWWKHNLQHWLFHQHUJ\RIWKHZLQGDQGFRQYHUWLWLQWRHOHFWULFDOHQHUJ\RUXVHLWWRGR
RWKHUZRUNVXFKDVZDWHUSXPSLQJJUDLQPLOOLQJHWF7KHNLQHWLFSRZHULVH[SUHVVHGE\WKHHTXDWLRQEHORZ>@



 AVCP pU  

ZKHUH
&S WKHSRZHUFRHIILFLHQW
ȡ WKHDLUGHQVLW\
$ WKHDUHDVZHSWE\WKHZLQG
9 WKHVSHHGRIWKHZLQG

7KHZLQG JHQHUDWRU LV FRPSRVHG RI WZRPDLQ SDUWV WKH WXUELQH DQG WKH HOHFWULF JHQHUDWRU 7KH XVHG W\SHV RI
JHQHUDWRUVDUH>@WKH'&PDFKLQHWKHDV\QFKURQRXVPDFKLQHDQGWKHLQGXFWLRQPDFKLQH,QWKLVK\EULGV\VWHPWKH
VTXLUUHOFDJHDV\QFKURQRXVPDFKLQHW\SHLVXVHGDVVKRZQLQWKH0$7/$%6,08/,1.PRGHORI)LJ


)LJ:LQGWXUELQHJHQHUDWRU
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2.3. Rectifier ( AC/DC converter) 
)LJXUHLOOXVWUDWHVDW\SLFDOWKUHHSKDVHGLRGHEULGJHUHFWLILHU7KHDYHUDJHYDOXHRIWKH'&RXWSXWYROWDJH9GFLV
JLYHQE\HTXDWLRQ>@

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ZKHUH9//LVWKH$&VRXUFHOLQHOLQH506YROWDJH
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
)LJ5HFWLILHUFRQYHUWHU
2.4. Boost converter (DC/DC converter)  
7RFRQQHFWD39JHQHUDWRUWRWKH'&EXVLWLVQHFHVVDU\WRKDYHDVWDEOHYROWDJHRIWKHSKRWRYROWDLFJHQHUDWRU
DQGPD[LPL]HSRZHUSURGXFWLRQFHOOV7KH'&'&FRQYHUWHUFDQSURYLGHWKLVE\XVLQJWKH0337VWUDWHJ\)LJXUH
GHWDLOVWKHFRPSRVLWLRQRIWKHFRQYHUWHU(TXDWLRQEHORZVKRZVWKH'&'&FRQYHUWHUYROWDJH>@

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ZKHUH
9LQ WKHYROWDJHRIWKHSKRWRYROWDLFJHQHUDWRU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
' GXW\F\FOH
)LJ%RRVWFRQYHUWHUZLWK0337FRQWUROOHU
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2.5. Inverter (DC/AC converter) 
)LJXUH  VKRZV D'& FRQYHUWHU WR D WKUHHSKDVH DOWHUQDWLQJ FXUUHQWZLWK D YROWDJH UHJXODWRU 7KH'& FXUUHQW
VRXUFHLVVZLWFKHGVXFFHVVLYHO\3:0FRQWUROGXULQJDPVSHULRGDW+]IUHTXHQF\LQ WKUHHSKDVHVRDV WR
VXSSO\DWKUHHSKDVHORDG7KHIXQGDPHQWDOIUHTXHQF\RU+]SKDVHWRQHXWUDOYROWDJH9SKLVUHSUHVHQWHGE\
HTXDWLRQ>@

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)LJ,QYHUWHU'&$&FRQYHUWHU
2.6. Variable load 
7KH LPSRUWDQW JRDO RI WKLV K\EULG V\VWHP LV WR VDWLVI\ SRZHU GHPDQG RI YDULDEOH ORDG FRQVXPSWLRQ )LJXUH 
VKRZV WKH WKUHHSKDVH ORDGV ZKHUH GHPDQG IRU ORDGV   DQG  LV DURXQG  N:  N: DQG  N:
UHVSHFWLYHO\IRUDFRQVWDQWIUHTXHQF\RI+]DQGDYROWDJHVWDELOL]HGDURXQG9UPV
)LJ9DULDEOHORDG
'&FRXSOLQJSUREOHPDQGFRQWUROVWUDWHJ\
7KHPDLQGLVDGYDQWDJHRI'&FRXSOLQJLVWKHYROWDJHFRPSDWLELOLW\2QWKHRQHKDQGZLQGWXUELQHJHQHUDWRUVDUH
NQRZQIRUWKHLUVORZWLPHUHVSRQVHV2QWKHRWKHU39DUUD\VKDYHIDVWWUDQVLWLRQUHVSRQVHV:KHQERWKVRXUFHVDUH
FRXSOHGWRJHWKHUWKHK\EULG'&EXVYROWDJHWDNHVPXFKWLPHWREHVWDEOHDWDFRQVWDQWYDOXHDURXQG9)LJXUH
LOOXVWUDWHVWKLVSKHQRPHQRQ2QHFDQQRWLFHWKDWWKHFRUUHVSRQGLQJ39V\VWHPFXUYHKDVDIDVWHUUHVSRQVHRIWKH'&
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YROWDJH EOXH FXUYH WKDQ WKDW RI WKHZLQG V\VWHP UHG FXUYH DQG WKH K\EULG V\VWHP UHVSRQVH LV FOHDUO\ DIIHFWHG
JUHHQSORW

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)LJ'&EXVYROWDJHIRU39ZLQGDQGK\EULGV\VWHPV
$VORZUHVSRQVHRIWKHK\EULGV\VWHPPD\QHJDWLYHO\DFWRQWKHORDG)RUWKLVUHDVRQZHPXVWKDYHDQHIIHFWLYH
VWUDWHJ\WRLPSURYHWKH'&EXVYROWDJHUHVSRQVHWLPH7KLVLVSURSRVHGLQWKHIORZFKDUWRI)LJ

39VXSSOLHVWKHORDG
:7JVXSSOLHVGXPSORDG
39DQG:7JVXSSOLHVWKHORDG
:7JVXSSOLHVWKHORDG
39VXSSOLHVWKHGXPSORDG
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\HVQR

)LJ3URSRVHGFRQWUROVWUDWHJ\
7KHGHYHORSHGVWUDWHJ\LVEDVHGRQFRQWUROOLQJWZR'&EXVORDGDGDSWRUVZLWFKHVWKH39FLUFXLWDGDSWRUVZLWFK
DQGWKHZLQGV\VWHPRQH,QIDFWHDFKDGDSWRUVZLWFKHVWKHFRUUHVSRQGLQJVRXUFHEHWZHHQWKHGXPS'&ORDGDQGWKH
LQYHUWHU LQGHSHQGHQWO\ )LUVW WKH 39 V\VWHP GHOLYHUV WKH IXOO ORDG SRZHU DQG LQ WKH VDPH WLPH WKHZLQG WXUELQH
JHQHUDWRUVXSSOLHVRQO\DGXPSORDG:KHQWKHZLQGV\VWHPUHDFKHVWKHVWHDG\VWDWHERWKV\VWHPVVXSSO\WKHORDG
7KLVLVDFKLHYHGWKURXJKWKH'&EXVFRQWUROOHU7KHQLIIRUDQ\UHDVRQQLJKWFORXGVHWFWKH39V\VWHPJLYHVOHVV
SRZHUFRQVHTXHQWO\OHVV'&YROWDJHLWLVGLUHFWHGWRWKHGXPSORDGDQGWKHZLQGV\VWHPVXSSOLHVVROHO\WKHORDG
5HVXOWV
)LJXUHVDDQGEUHSUHVHQWWKHHOHFWULFSRZHUYHUVXVWLPHZLWKDQGZLWKRXWWKHDGDSWRUVZLWFKFRQWURO
UHVSHFWLYHO\2QHFDQQRWLFHWKDWWKHUHVSRQVHRI)LJXUHDLVEHWWHU)LJXUHDUHSUHVHQWVWKHHOHFWULFSRZHU
YHUVXVWLPHZLWKFRQVWDQWORDGZLWKRXWDSSO\LQJFRQWURO7KHYDULDWLRQRIORDGVDUHDSSOLHGLQ)LJXUHE
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
)LJD+\EULGSRZHUZLWKDGDSWRUVZLWFKFRQWUROE+\EULGSRZHUZLWKRXWDGDSWRUVZLWFKFRQWURO
)LJD+\EULGSRZHUIRUFRQVWDQWORDGZLWKRXWFRQWUROE+\EULGSRZHUIRUYDULDEOHORDGZLWKFRQWURO
,Q)LJWKH'&EXVYROWDJHLVVKRZQIRUGLIIHUHQWFDVHVZLWKDQGZLWKRXWWKHSURSRVHGFRQWUROVWUDWHJ\2QH
FDQQRWLFHWKDWWKHSORWFRORXUHGLQEOXHLVWKHEHVWVLWXDWLRQZKHUHZHKDYHDYDULDEOH$&ORDGDQGWKHFRQWUROLV
DSSOLHG %RWK '& ORDG DGDSWRUV ZLQG DQG 39 V\VWHP '& EXVHV DUH XVHG IRU WKH FDVHV RI $& ORDG GHFUHDVH
EHWZHHQVDQGLQFUHDVHEHWZHHQ±V


)LJ'&EXVLQWKHGLIIHUHQWFDVHV
 
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
)LJ$&RXWSXWIRUDFRQVWDQWORDG
7KH$&RXWSXWYROWDJHIRUWKH+\EULGSRZHUVXSSO\LQJDFRQVWDQWORDGDQGZLWKRXWWKHSURSRVHGFRQWUROVWUDWHJ\
LVVKRZQLQ)LJXUH$2IFRXUVHWKHHIIHFWRIWKHEDGWUDQVLHQWVRIWKH'&EXVYROWDJHLVQRWVHHQLQWKHSORW
:KHQXVLQJDORDGVZLWFKFRQWUROOHUWKHHIIHFWLVFOHDUO\VHHQLQWKHSHULRGVWRVDVLQGLFDWHGLQ)LJXUH%
HYHQWKRXJKQR'&EXVFRQWUROVWUDWHJ\LVDSSOLHG7KHORDGDGDSWHUHIIHFWLVVHHQLQ)LJXUH&DQGVWLOOQR'&
EXV FRQWURO VRXUFH FRQWURO LV DSSOLHG )LQDOO\ DSSO\ WKH SURSRVHG VWUDWHJ\ LH VRXUFH FRQWURO DQG ORDG DGDSWRU
FRQWUROWKHDIIHFWLVVKRZQLQWKHSORWRI)LJXUH',QDOOFDVHVWKH$&RXWSXWKDVJHQHUDOO\H[FHOOHQWIUHTXHQF\
ZLWKVRPHWROHUDEOHKDUPRQLFVDVLQGLFDWHGLQ)LJ


)LJ+\EULGV\VWHP$&RXWSXWYROWDJHLQGLIIHUHQWFDVHV
&RQFOXVLRQ
$VWXG\RQDK\EULGV\VWHPFRPSRVHGRIDSKRWRYROWDLFVRXUFHDQGDZLQGJHQHUDWRUZDVPDGHDQGDPRGHOLQJ
WKURXJK0$7/$%6,08/,1. KDV EHHQ SHUIRUPHG:H QRWLFHG DQ LQFRPSDWLELOLW\ RI WKHVH WZR VRXUFHV LQ'&
FRXSOLQJ,QRUGHUWRVROYHWKLVSUREOHPDFRQWUROVWUDWHJ\RI'&EXVORDGVDQGVRXUFHVE\XVLQJDGDSWRUVZLWFKHVLV
SURSRVHG 7KH EHKDYLRXU RI WKH K\EULG V\VWHPZLWK WKDW VWUDWHJ\ KDV EHHQ VWXGLHG DQG VLPXODWHG 7KH VDWLVI\LQJ
UHVXOWV WKDW KDYH EHHQ REWDLQHG LQ WHUPV RI JRRG WUDQVLHQW UHVSRQVH DQG VWDEOH '& EXV YROWDJH DW  9
GHPRQVWUDWHGWKHHIIHFWLYHQHVVRIWKHSURSRVHGVWUDWHJ\$VWDEOH'&EXVYROWDJHLVLQIDFWHVVHQWLDOIRUWKHLQYHUWHU
RSHUDWLRQ DQG FRQVHTXHQWO\ D QRUPDO $& ORDGV FRQQHFWLRQ 2XU IXWXUH JRDO LV WR WHVW WKLV PHWKRG RQ D UHDO
H[SHULPHQWDOQHWZRUNDQGVWXG\LWVEHKDYLRXU
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